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Two Modern Hubble Diagrams

Generalize
velocity ⇒ redshift

distance ⇒ magnitude



Einstein Equivalence
Principle

Any small patch of GR reduces to SR

Albert Einstein
German

General
Theory of
Relativity

(1915)
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What was the distance to that event?
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Three definitions of distance
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Astronomical Magnitudes

Rule 1: Apparent Magnitude m ~ log(FluxObserved a.k.a. Brightness)

Rule 2: More positive ⇒ Dimmer

Rule 3: Change 5 magnitudes ⇒ ×100 change in brightness
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mBolometric = −log 1005 FEnergy/Area/Time
Observed( ) + Constant

= −
5
2
log10 FEnergy/Area/Time

Observed( ) + Constant

Rule 4: Absolute Magnitude M = Apparent Magnitude if the
source were at a standard distance (10 parsec = 32.6 light-year)
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Some apparent magnitudes
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If   dLum ∝ z   then
5log10 dLum( ) = 5log10 z( ) + C

m −M = 5log10 z( ) + C'

Extended Hubble
Relation   dLum ∝ z



t=0 ⇒ Big Bang
t=t0 ⇒ Now
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Recall from Lec 2

  

€ 

dLum (t1,t0) = a(t0)Δχ
γ (t1,t0)(1+ z) =

c
a(t)t1

t0∫ dt
 

 
 

 

 
 

Cosmology!
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More generally

(all cosmologies):
Weinberg 14.6.8



Today’s big question:

Slope =
Hubble

constant
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Points to take home

• Extend the Hubble relation to “see” cosmology

• Distance to past events somewhat ambiguous

• Operational definitions: luminosity and angular distances

• Observational units: red-shifts and magnitudes

• Second derivative of dLum vs z for distant/ancient supernovae
reveals cosmic acceleration


